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中  文  摘  要 
 
核磁共振以无辐射、非侵入、高分辨率及信息丰富等特点在化学、生物、医
药、材料等等领域得到广泛的应用。高分辨的核磁共振一维谱可以提供化学位移、
标量偶合及积分比等信息；高分辨的二维谱在此基础上能提供许多无法通过一维
谱直接得到的信息。因此二维谱也具有不可替代的重要作用。但是，由于传统的
核磁共振二维谱需要多次扫描获得一张谱消耗的时间较长，不利于样品的快速检
测，也很难用于检测化学反应等快速变化的过程。虽然在过去的研究中已有学者
提出用空间编码单扫描获取二维谱，但是这个方法获得的核磁共振谱分辨率低。
因此，如何高效地获取高分辨谱仍是核磁共振的一个重要的课题。 
此外，在不均匀磁场条件下获取高分辨一维及二维谱也是核磁共振技术面临
的一个挑战。例如，在存在磁化率不连续的生物组织分界面等系统中，传统的匀
场技术无法提供足够均匀的磁场；在便携式核磁共振设备中，受限于硬件资源，
磁场均匀度通常不高。在不均匀磁场下，原本核磁共振谱图能够提供的信息由于
增宽效应而损失。为了克服这一问题，我们分析讨论了不均匀场现象对磁共振采
样的影响，并希望由此解决这个困扰磁共振应用进一步推广的问题。 
本文从上述两个角度出发研究了高分辨核磁共振谱学方法目前面临的问题，
即在均匀场下快速获得高分辨谱，以及在不均匀场下获得高分辨谱。主要研究工
作总结如下： 
一、总结介绍了协方差核磁共振二维谱方法。协方差方法能够利用统计学原
理体现分子内原子间的相关关系。利用协方差方法处理传统核磁共振二维谱后获
得的高分辨二维谱就是协方差核磁共振谱。在从传统的二维谱实验中，减少间接
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维采样次数以缩短采样时间会导致间接维分辨率降低。但是协方差方法只要能够
保证足够的样品量，即使少量采样获得的磁共振信号也能够通过数据后处理的方
式生成高分辨核磁共振谱。协方差方法有多种处理方式，不仅有处理同核谱的数
据获取高分辨二维谱的方法，也有针对异核谱的方法，虽然方式与作用有所不同，
但都对缩短采样时间的同时保证甚至提高传统二维谱分辨率有明显的效果。这种
方法在蛋白质结构解析上得到了应用。 
二、将协方差方法进行调整并用于提高超快速空间编码核磁共振波谱的分辨
率。超快速空间编码谱使用空间编码取代时间编码，并用 EPSI 模块采样，实现
了单扫描获得二维谱。然而这种方法很难在谱图的两个维度上都获得高分辨，如
果保证直接采样维有较高分辨率，则空间编码的维度分辨率极低。因此我们提出
用在提高传统谱分辨率上取得显著成效的协方差方法对空间编码谱图进行处理，
获取高分辨空间编码谱。同时为了保证了处理后的高分辨图谱的可信赖性，过滤
协方差处理后的谱图中出现的伪峰，我们设计了基于模式识别的伪峰过滤算法。
最终实现了单扫描超快速采样与二维图谱高分辨率的兼顾。 
三、基于小体素内均匀场的不均匀场下二维谱图的谱图混叠校正方法。由于
存在不均匀场的样品各个位置的磁场强度不同，样品的化学位移会有不同程度的
偏移，造成频谱的混叠。而如果仅仅在一个很小的体素之内，则磁场的变化量很
小，可以近似地认为磁场均匀，因此在这个小范围内可以获得没有混叠的高分辨
图谱。ZL. Wei 等人提出了利用梯度场获得不同位置小体素内的一维谱，并通过
模式识别算法将所有小体素下近似均匀场内获得的图谱进行叠加，进而获得样品
整体的高分辨一维谱。基于这个思路，本文提出了在不均匀场下获得高分辨二维
谱的方法。该方法利用回波平面谱成像采样技术保证了采样时间不被延长，并通
过基于模式识别的算法重构数据矩阵获得了不均匀场下高分辨谱。 
 
关键词：核磁共振；协方差；不均匀磁场；高分辨；模式识别 
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New methods for resolution enhancement of nuclear 
magnetic resonance spectroscopy 
Wenqi Qiu 
ABSTRACT 
Nuclear magnetic resonance (NMR) exhibits the features of being non-destructive 
and non-invasive, and provides sufficiently high resolutions to analysis chemical 
component, resolve molecular-level information and test in medicine production. The 
simplest and widely-used 1D NMR spectrum is able to provide the information about 
molecular constructions and amounts of interested nuclear inside molecules. The multi-
dimensional (nD) NMR spectrum is also a powerful tool for at least two reasons. First, 
presenting the information in more than one dimension improves the readability by 
reducing the overlapping of resonance peaks. Second, the nD NMR spectrum can 
provide more information, such as the information of coherences between carbons and 
protons, which can hardly be obtained by the 1D NMR spectrum. However, 
conventional NMR 2D NMR spectra require multiple scans that is very time-consuming. 
Another requirement for obtaining high-resolution NMR spectra is the homogeneity of 
static magnetic field. However, in some cases, the homogeneous magnetic field is hard 
to ensure. For example, in tissues with susceptibility incontinuity or at interfaces among 
different tissues, signifying the importance and necessity of developing high-resolution 
NMR spectroscopy under inhomogeneous magnetic fields. Therefore, reducing the 
experiment time while maintaining the high resolution, and acquiring high-resolution 
spectra under inhomogeneous field is necessary and important. Our works are based on 
these two issues. First, a method for improving resolution is introduced; then, a new 
technology for using the above-mentioned method to improve resolutions of spectra 
taken within an extremely short time is proposed; finally, our latest work about 
acquiring high resolution spectra under inhomogeneous field is introduced. The related 
contents can be summarized as follows: 
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1. Introduction of the 2D covariance NMR spectroscopy. The covariance NMR 
spectrum is acquired by the covariance method, which bases on the statistic theory for 
acquiring coherence information between nuclear inside molecules. Therefore, even 
under the situation of the resolution in F1 dimension decreasing due to reducing the 
experiment time, as long as the amount of data is large enough for statistical analysis, 
high-resolution NMR spectra with coherence information can be acquired. There are 
many different kinds of covariance method, not only methods for homonuclear spectra, 
but also methods designed for heteronuclear spectra. These methods can be applied to 
improving resolution without extend the experiment time. 
2. Method to improve resolutions of spatial-encode spectra by the covariance 
method is introduced. Spatial-encode spectroscopy enables short-time acquisition 
within a single scan by replacing the time encode with the spatially encode. However, 
this method suffers low resolution in the F1 dimension, especially when high resolution 
acquired in the F2 dimension. In this work, the covariance method is applied to the 
spatial-encode method to improve its resolution. Since artifacts arise in this process, a 
filter mask to remove artifacts is developed based on the pattern recognition. Finally, 
the goal of acquiring a high-resolution spectrum with an extremely short time is 
achieved. 
3. A method based on partial homogeneity to provide high-resolution spectra under 
inhomogeneous field. Resonances in different position under inhomogeneous field have 
different frequencies shifts, which results in overlapping of peaks. In a small voxel, the 
magnetic field almost remains unchanged, which enables acquisitions of high-
resolution spectra inside a small range. ZL. Wei proposed a new method using gradient 
magnetic field to acquire 1D spectra of small voxels, and adds the data from all voxels 
by an algorism to acquire high-resolution 1D spectra. In this work, we developed a new 
method base on a similar theory to acquire high-resolution 2D NMR spectra under 
inhomogeneous field.  
 
Key words: Nuclear magnetic resonance; covariance method; magnetic field 
inhomogeneity; high resolution; pattern recognition  
厦
门
大
学
博
硕
士
论
文
摘
要
库
Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
